Previous work indicated more polysomes bound to pea (Pisum sativum cv Progress No. 9) thylakoids in light than in the dark, in vivo (LE Fish, AT Jagendorf 1982 Plant Physiol 69: 814-825). With isolated intact chloroplasts incubated in darkness, addition of MgATP had no effect but 24 to 74% more RNA was thylakoid-bound at pH 8.3 than at pH 7. Thus, the major effect of light on ribosome-binding in vivo may be due to higher stroma pH. In 
In previous work (9) it was found that 40 to 70% more RNA (the indicator for 70S ribosomes) was tightly associated with thylakoids isolated from pea plants in the light, than from plants in the dark. This was demonstrated to be a direct effect of light, preventable by DCMU, saturated at a very low light intensity. It was not a phytochrome effect, and required organellar protein synthesis (it was inhibited by lincomycin or chloramphenicol; not by cycloheximide).
Both monomers and polymeric ribosomes are bound to isolated thylakoids. The ribosomes are bound in part by saltdissociable electrostatic forces, and in part by nascent chains, since the combination of puromycin and high salt releases twice as many as high salt alone does (16, 24) . In a study where high incorporation rates were obtained using pea thylakoids as many as 30 labeled protein bands were detected on SDS gel electrophoresis (3) . Specific translation products identified as made by thylakoid-bound ribosomes include a polypeptide of PSII (11) , the 32 kD QB apoprotein (17) , Cytf (23) , the a and d subunits of CF1 (5, 17) , subunit III of CFo (4) , and the PSI reaction center polypeptides (15) .
Evidence that membrane-bound ribosomes function in producing new membrane proteins has concentrated on the identification of specific polypeptide products. A more general piece ofevidence would 9) were grown for 7 d and had their chloroplasts isolated as described (19) . The terms in the text: 'light' and 'dark' plants, and chloroplasts taken from them, refer to illumination (or lack of it) 1 to 2 h into the usual photoperiod.
Protein Synthesis. Protein synthesis by isolated chloroplasts, was performed at a light intensity of 45 umol/m2.s' as described (19) ; except that the concentration of (3H]Leu in the medium was 2 uCi/ml at a specific activity of 151 gCi/nmol instead of 0.1 1 to 46 gCi/nmol. Protein synthesis by thylakoids was performed as described previously (3) .
Antibiotic Experiments. In incorporation experiments, isolated intact chloroplasts were preincubated for 5 ml of 20 mM NaHPO4 (pH 7.4). An aliquot of 100 gl was used for Chl determination (1), and 1 ml was used for RNA determination (8) .
The same experiment was performed with chloroplasts which were broken by freezing in liquid N2. Ribosome binding and release in the broken system was studied as for intact chloroplasts except the reaction mixture (20 ml containing 0.5-1.0 mg of Chl) remained on ice for 5 min prior to incubation at 25C for 25 min.
RESULTS
As noted previously (9) more bound RNA was found on thylakoids from plants which had been illuminated for 1 to 2 h than on those from plants in the dark (Table I) . Incubating intact chloroplasts (from dark plants) in the light did not cause the same sort of increase in thylakoid-bound RNA (Table I) . However, thylakoid-bound RNA decreased to a greater extent in organello when chloroplasts were incubated in the dark than in the light, irrespective of whether chloroplasts were derived from light or dark plants. While this effect might have been due to increased stroma ATP levels, adding Mg-ATP (experiments 2 and 3) did not change the pattern ofribosome dissociation (Table  I) .
Another effect of light is to cause a reversible increase in stromal pH. To attempt to duplicate this effect in organello chloroplasts were incubated in the presence of 0.5 mm NH4Cl, which will ensure equilibration of the pH on both sides of the chloroplast envelope (2) . In all experiments the amount ofbound RNA declined much more drastically at pH 7.0 than at pH 8.3 as did protein synthesis (Tables II and III) . In four experiments out of six the amount of bound RNA either remained constant or even increased somewhat, at the higher pH (Table II) . This striking difference between the two pH levels suggests that the stroma pH may indeed regulate the binding and release of ribosomes from thylakoid membranes.
Inhibitors of procaryotic protein synthesis were tested for possible effects on the extent of ribosome binding during the incubation period. Kanamycin, an initiation inhibitor, and streptomycin and lincomycin, inhibitors of chain elongation, all depressed [3H]Leu incorporation by 45 to 65% in both intact and broken chloroplast systems (Table IV) . Kanamycin and also pactamycin, another initiation inhibitor, both depressed ribosome binding; while streptomycin and lincomycin prevented some or all of the loss of RNA seen on the controls (Tables V  and VI) .
Since there are fewer bound polysomes in vivo in the dark than into thylakoids (Table VIII) . The unexpected ratios of counts in thylakoids to those in soluble proteins might have been due to differential destruction of newly formed thylakoid and soluble proteins by internal proteases (14) . To minimize any such effects, synthesis of membrane versus soluble protein was measured when chloroplasts were exposed to a 1-min pulse of the radiaoctive amino acid, supplied at different points during a prolonged incubation. These measurements should give a closer approximation to the instantaneous rate of translation, less likely to be complicated by ongoing slower proteolysis. Results in these experiments, too, showed no difference in the thylakoid:stroma incorporation ratio between chloroplasts from light and dark plants (Table VIII) . As in the steady state experiments, there was a steady increase in this ratio as the incubation period increased. The increase in thylakoid:stroma ratios were a result of both increasing rate of thylakoid synthesis and a decreasing rate of stromal synthesis (Table VIII) .
RNA BINDING TO THYLAKOID MEMBRANES
The results noted above began to raise doubts about the relation between number of ribosomes bound to the thylakoids, and the vigor of synthesis of thylakoid proteins. We therefore made several isolations of thylakoids, measured the RNA, and determined the extent of membrane proteins synthesized in different experiments (Table IX) . Irrespective of whether the thylakoids came from plants in the light or in the dark, the ratio of cpm in protein to the quantity of salt-resistant bound RNA was remarkably constant. Thus at least for the thylakoids proper, the amount of bound RNA seems to be a valid indicator for the rate of thylakoid protein synthesis.
The proportion of thylakoid-bound RNA relative to total chloroplast RNA was measured using thylakoids prepared from isolated, intact chloroplasts. This procedure eliminates nonspecific cytoplasmic (80S) ribosome binding which occurs if naked thylakoids are present in the original homogenate (24) . Results show that the bound RNA accounted for 19 to 24% of the total in the chloroplast (Table X) and agrees with earlier estimates (21) . DISCUSSION The fact that inhibitors of chloroplast protein synthesis (Table  IV) change the level of thylakoid-bound polysomes during in organello incubation (Tables V and VI) provides support for a ribosome cycle in chloroplasts, analogous to that found on the ER (6) . In this model, recruitment of new ribosomes to the membrane starts with attachment by nascent peptides. It therefore requires chain initiation and will be prevented by inhibitors of initiation. Ribosomes leave the membranes only after the (Tables I, V, and VI) . While light in vivo can cause a net 25 to 75% increase in thylakoid-bound polysomes in pea chloroplasts (9) , in most of our experiments in organello illumination only slowed down the extent of RNA loss during incubation (Table I) . This was true for chloroplasts taken from plant in the light or in the dark.
Thus, the in organello effect was in the same direction as that seen in vivo, but much less dramatic. From the effect of changes in the external pH (Table II) it seems likely that this effect of light is due to the increase in stroma pH caused by electron transport, rather than to increases in stroma ATP levels (Table   I ). However, one would expect the stroma pH rise from 7.0 in the dark to 7.8 in the light (10) , so it is not clear why manipulation of the external pH is needed to see these effects. The (Table X) 20 to 25% of the RNA bound to thylakoids from plants in the light, after a high salt wash to remove inactive monomers (24) .
Between 20 and 45% of the 3H-labeled new proteins are associated with the membranes following in organello translation (Table V) . It was at first disturbing to find that the ratio of thylakoid to stroma translation products was the same for chloroplasts taken from plants in the light as in those taken from darkness. However, the same factors that increased the extent of ribosome binding to thylakoids may have caused an equivalent increase in stroma protein synthesis. The quantitative relationship between amount of thylakoid-bound RNA, and its ability to synthesize membrane-associated proteins is taken as direct evidence for cotranslational insertion of membrane peptides by bound RNA.
The unexpected increase with time during the incubation in the proportion of thylakoid-bound translation products, both in the steady state and in pulse labeling experiments (Table VIII) resulted from a slight increase in the absolute rate of thylakoid protein synthesis, and a large decline in the rate of stroma protein formation. Thus, the general decline with time of the total in organello translation rate is due entirely to cessation of synthesis of soluble proteins, of which the large subunit of ribulose (12) and of Margulies (18) who found a strict localization to the thylakoid of specific mRNAs for three thylakoid proteins.
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